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AN ALTERNATIVE FORM OF POTENTIAL VORTICITY 
By H. ARAKAWA 

[Central Meteorological Observatory, Tokyo, June 19411 

Potential vorticity lo is defined by C. G. Rossby as 
the vorticity which a column of air between two isentropic 
surfaces would have if it  were brought to an arbitrary 
“standard” lat,itude and then stretched or shrunk to an 
arbitrary “standard” thickness. If f is t,he Coriolis 
paramet,er 2 w  sin Q at  a given latitude Q, and { the actual 
vorticity of an air column af thickness D at  its observed 
position, then from Rossby’s vorticity t,heorern we have 

where bo is the vorticity which the air column would have 
if brought to a latitude where the Coriolis parameter has 
the valuefo, and to a thickness Do. If fo and Do are the 
adopted standards of comparison, go is the potential 
vorticity, a term chosen by analogy with potential tem- 
per atur e. 

the present author has presented 
results of an investigation in which a newly-defined type 
of potential temperature was employed. In  that paper a 
potential vorticity of air particles, not. of air columns, was 
introduced; it is defined as the vorticity which a particle 
of air would have if it  were brought to an arbitrary 

In  a previous paper 

1 C. Q. Rossby: Planetary Flow Patters  in the Atmosphere, Quarterly Journal  of the 
Royal Meteorological Societff 66 Supplement 1940 p. 72. 

2 E. drakaa-a: Die Wkb&gleichungen’ mit’ Reriicksichtigung der Erddrehung 
Meteorol. Zeitschr.. 1941, Heft 2. Herein a slight misprint occiirrrd: in examDle 3 and “a% at,’? “am bw”. example 4, change - and - to - and- ax av bx bg 

“standard” latitude and to an arbitrary “standard” 
density. The author has shown that if p is the density. 

f + r- .fo + (0 

P Po 

where lo is the potential vorticity which an air particle 
would have if brought to a standard latitude, and to a 
standard density po .  This type of potential vorticity as 
a conservative element for identification purposes seems 
to be better than that of Rossby, because the analysis does 
not involve the concept of a column of air. 

To apply this quantity to isentropic analysis, assuming 
isentropic flow, equation (2) may be written 

(3) 

where c, and c. are the specific heat a t  constant pressure 
and the specific heat a t  constant volume, respectively. 
Thus-f, and pa  are the arbitrary standards on an isentropic 
surface to which all particles are brought €or comparison 
and bo is thc potential vorticity. 

In  view of the significance of Rossby’s potential vor- 
ticity 3,  the recognition of a simpler form is of fundamen- 
tal importance in meteorology. 

3 V. P. Starr and M. Neiburger: Potential Vorticity as a Conservative Property, 
Journal  o f M a r ? n e  Research, Vol. 111, No. 3, 1940; M.  Neiborger: Vorticity Analysls of a 
Thunderstorm Situation, BzLIZ. Amer. Metl. Soc., $8, 1, 1941. 

METEOROLOGICAL AND CLIMATOLOGICAL DATA FOR JULY 1941 
[Climate and Crop Weather Division, J. B. KINCEE in charge] 

AEROLOGICAL OBSERVATIONS 

By EARL C. THOM 

The mean surface teniperlttures for July were ahove 
normal over most of the country. Temperatures were 
slightly below normal, however, in a considerable part of 
the Southern Plateau region and at  four scattered stations 
in the eastern half of the country. At all stations in other 
sections of the country temperatures were above normal, 
with values considerably above normal over the north- 
central and the northwestern areas, departures for the 
month being from $6’ to +go F. over parts of Washing- 
ton and Oregon. 

At 1,500 meters above sea level the 5 a. m. resultant 
winds for July were from directions to the north of normal 
over the extreme northeast, the upper Gulf region, and 
over parts of the central and northwestern sections, and 
from south of normal a t  this level over the rest of the 
country. A t  3,000 meters the morning resultant winds 
for July were more northerly than normal over most of 
the northeast, over a considerable part of the Western 
Plains States, and over a strip of the Rocky Mountains 
along the Great Divide, and were more southerly than 
normal elsewhere. When the 5 p. m. resultant winds for 
the month at  the 5,000 meter level are compared with the 
corresponding 5 a. m. normals it is noted that the late 
afternoon resultants were more southerly than the cor- 
responding morning winds at  about two-thirds of tht. 
st,atioris for 1% hich these dttta could be ~ o i ~ i p ~ t d .  

At both (he 1,500 n!. and 3,000 rn. levels the resultant 
velocIt,ies n ere I&w nwrnal over most sations, being 

above normal over only eight pilot-balloon stations at  each 
of these levels. A t  5,000 meters, however, the 5 .  p. m. 
resultant velocities were generally higher than the cor- 
responding 5 a. m. normals. 

At 1,500 meters the 5 p. m. resultant winds were from 
more northerly directions than were the corresponding 
5 a .  m. winds over most of the Rocky Mountain and 
Plateau regions and over a considerable part of the Mis- 
sissippi River Valley and the Gulf coast, while a turning 
to the southward during the day was noted at  this level 
over the rest of the country. At 3,000 meters the re- 
sultants turned to the northward durin the day over a 
considerable portion of the country. #he opposite shift 
during the day was noted at  this level over most stations 
along the Atlantic Coast, over the northern Plateau and 
Great Plains regions, and over two stations to the south- 
vi-ard. 

The 5 p. m. resultant velocities for the month were 
higher than the corresponding 5 a. m. velocities over 
the extreme west and over part of the extreme southeast 
and were lower at this level over most of other pilot- 
balloon stations of the country. At 3,000 meters the 
resultant velocities in the late evening were lower than 
those in the early morning over 10 widely scattered 
stations. An increase in resultant velocity occurred 
during the day at  this level over all other stations. 

The upper-air data discussed above are based on 5 a. m. 
(east,ern standard time) pilot-balloon observations (charts 
VI11 & IX) as well as on observations made at  5 p. m. 
(table 2 and charts X and XI). 

Radiosonde and airplane stations located in the southern 



J n L Y  1941 MONTHLY WEATHER REVIEW 

part of the country recorded on the average the highest 
daily pressures at ench of the several standard levels 
from 3,000 meters to 18,000 meters. The highest mean 
monthly pressure occurred over both San Antonio and 
Miami for the 2.GOO-meter level, over Miami for tlie 2,500- 
meter level, over San Antonio for the 3,000-meter level, 
and over Plioenis for the stautlard levels 4.000, 6,000, niid 
7,000 meters. The highest iiieun pressure for t!ir nioiitli 
occurred over hot81i Phoenix and Sail Antonio :it 5,0(10 
meters as well H S  a t  each of the staildard levels from 8,000 
meters to 1Fjq000 meters, inclusive. At 16,000 mclters thtl 
highest nieaii pressiire, 114 mb., occurred over Phoenix. 
Sail h t o n i o  end San Diego with Snn Diego recording 
the mtisinium pressure at tlic nest, two higher levels. 
The lowest mean monthly pressure occurred over Sfiiilt 
Ste. JIarie for each of the stmclard levels from 2.000 
meters to 6,000 and again at 8,000 meters antl 16,000 
meters. The corresponding niiiiinia occurred over Seattle 
at the 11000-, 13,000- and 13,000-meter levels. while 
these minima occurred over two or more northern stations 
n t  each of the other staiidard levels from 7,000 meters to 
18.000 meters. 

Wtjh but few scitttered exceptions iiienn pressures for 
July were higher than thosc in June over all stations t~nd 
at all levels up to antl including 19,000 meters. This 
increase in pressure over thnt of last month was well 
marked in the western half of the country, especially in 
the extreme northwest, for example, at Medford t,he 
average increase in menu pressure from June to July was 
11 mb. for the levels from 4,000 meters to 12,000 meters. 
The largest difierenc'e between the highest and the lowest 
inean pressures for the month was 11 nib. wliicli was ~ioted 
nt each of the standard levels froiii G,OOO meters to 11,000 
meters, inclusive. Pressure gradicnts were not as steep 
as in June over the nortlirvcstern part of tlir coimtry. 
The steepest upper level pressure gradient , for Julx, 
occurred at the 8,000-meter and 9,000-meter levels be- 
tween Buft'alo, N. T., aiid Wtisliington, TI. C. At these 
levels there was a change of 1 nib. prcssure for each 53 
miles of horizontal distance bet8wecn these cities. 

The mean temperatures for June were generallr higher 
than those of last month from the surface up to and 
including 11,000 meters. The only esception to this 
increase in t emperat izres occurred at Pensacola and 
Brorvnsville a t  levels from 2,000 meters to I 1,000 meters. 
At most of the standard levels from 12.000 meters to 
19,000 meters tenipcaratures were lower than last nionth 
over the western half of the country, while increases and 
decreases of temperat'ures were well distributed to the 
eastward. At only two stations, Sault Ste. Marie and 
Miami, were free-air temperatures higher than last, month 
at all levels. 

Comparison of the mean temperature charts for July 
1941 with t8hose for July 1940 show the temperatures this 
year to be the higher over a considerable portion of the 
country from the surface up to 11,000 meters. Tempera- 
tures a t  these levels were lower than last year along the 
Gulf Coast and over most of the Rocky hlountain and 
Southern Plateau regions. Above 11,000 meters teni- 
perat'wes were lower than last year at most levels over 
the northeast and were generally higher over the rest of 
the country. 

The mean temperat'ures for tJuly :It 1,000 meters were 
solnewhat above normal over most of the west'ern half of 
the country and over all but one station in t,he northvrtst 
and wen' below normal elsewhcre. At 3,000 meters 
tempera t ures were nbove normal generally over t)lic. eastern 
third of the country and over most of the extrcmc. north- 
c c11i t ra 1 tincl middlc-pla t :\ti ii rqions , ti l i d  w t w  ,a cn ci*allj- 
helow iiorinal over other tireas >it this level. Temperai- 
tiires at the 5,000 in. lerel wtw abovc iiormel over riiost 
stations in the cwtern ta-o-thirds of thr. country whil(1 
they  ere below r~ornirtl a t  this lrvel o v c ~  a11 stations to  tlie 
w s t  ward. 

Thc nipan relativr Iiiiniidities for the month at thtl 1,OOO 
m., 3,000 in.. and 5,000 ni., levels w ~ r c  iiormttl or nbove 
over most of the country. Humiclitiw iww, howPvt\r, billow 
normal over thc. Soutliwest . :it :ill three levels, over 
S : d t  Ste. Marie at' the two loner lcv-~ls and also b~low 
normal over thr estreine Northwwt at 1,000 meters. 

The altitude at which the mean moil thly teniperaturr of  
0' C. for July occurred, varied from the lowcst (3,900 
mcters) over Seatth, Wush., to thtb highest (5,000 meters) 
over Sari Sntonio, Tcx The level at which, on the aver- 
use,  freezing conditions occurred was higher than last 
nionth over all of tQcJ United Stat<-s with tlie exception of 
Brownsvillr where it wns slightly lowcr. This level WAS 
much higher than last month over the upper Pacific coast, 
twing 1,500 meters higher over Metiford, Oreg., and 1.200 
ri ir t~rs higher over Seattle. 

The lowest free-air temperti t lire recorrlrd diiriiig the 
month over United States w:ts -79.9' C. (-111.8' F.). 
This ternperst ure occurred over Brownsville, Tex., on 
the morning of July 7, n t  :HI altit~tclt~ ol l f , 4 0 0  inc3ters 
(:tholit 1O.S inilos) ti  bow sen level. (111 this ccmiirctioii 
it tempersit lire of -8A.O' C!. WIIS repclrted tis havilig 
Iwen recorded OWJ* Plioeriii OII Ju ly  2 ,  1941. This 
niiriiniuin is not m ell supported by sun~ouutling stations 
and has not been ve~ificd. It lins not, t,lierefore, been 
accepted as official). T h  lowest tcniperature for the 
month over Sail J ~ i i  WRS -81.4' C. (-114.5' F.) wliicli 
was ohserver1 at 16,400 mc.tcrs (illmiit 10.3 miles) nbove 
sea levcl 011 the morning of July 24. 

Table 3 shows the niaxiiniim frw-air w i d  velocit'ies 
und their directions for various sclctions of the United 
States during July as  dt~terininrtl by pilot-balloon obser- 
vations. The highest observed wiiicl velocity for the 
inoiith was 68 m. p. s. (1.52 niilrs per hour) observed 
over Evansville, Ind., on July 2. This wind was blowing 
from the southwest at an elevation of 4,170 met'ers (about 
2.6 miles) above sea level. 

The highest July wind velocity ohserved during t'he 
last 5 years in t>he free-air layer from t < h P  surface to 2,500 
meters was 43.0 ni. p. s. (96 miles per hour), observed on 
July 11, 1941, over Cheyenne, Wyo. (see table 3). The 
wind velocity of 68 m.. p. 8. over Evansville (reported in 
table 3 and in the previous paragraph) on July 3 this year 
was the highest ohserved in the layer from 3,500 met,ers 
to 5,000 meters while during this &year neriod a still 
higher wind velocity, 84.0 m. p. s. (I88 miles per hour), 
was observed in July in the free-air above the 5,000-meter 
level. This wind was observed on July 6, 1939, over 
Reclding, Calif., and was blowing from the west at an 
elevntioii of 19.710 meters (nhout 12.2 miles). 
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TABLE 1.-Mean free-air barometric pressure in  millibars, temperature i n  degrees Centigrade, and relative humidities i n  percent, obtained by 
airplanes and radiosondcs during July  1941 

Stations with elevations in meters above sea level 

Atlanta. Ga. 
(300 m.) 

Albuquerque, N. 
Mer.  (1,620 m.) 

Bismarck, N. Dak. 
(505 m.) 

Boise, Idaho 
(864 m.) 

Bromsville, Tex. 
(6 m.) 

Buffalo. N. Y. Charleston 8. C. 
(221 m.) (14 m.’) 

- 
f 
7 

)I .& 
9 s  :‘c 

: 

73 

GO 
61 
63 
fi3 
62 
56 
49 
46 
44 
43 
42 
42 

Y 

- 
... 
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_ _  

_ _  
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- 
3. 
s .E 
%; 
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3 3  
4 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
30 
30 
29 
29 
29 
26 
21 
15 

-_ 

_ _  
._ 

- - 

-_ 
i 
j .E 
3: 

3 ”  

_ L  

:; 
5 

31 

31 
31 
31 
31 
31 
31 
31 
30 
30 
30 
30 
29 
29 
29 
28 
27 
27 
26 
24 
21 
14 
8 

- 
.. 

.- 

- - 

- 

2 
m 
6 
-- 
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803 
852 
SIM 
i58 
714 
632 
558 
492 
431 
377 
327 
264 
245 
210 
180 
154 
131 
112 
85 
81 

59 

.... 

70 

_ _ _ _  
- - 

- 
i 

J .E 
311 -- ![ 
I 

2.5 

25 
25 
35 
25 
25 
25 
25 
25 
25 
25 
23 
23 
22 
22 
29 
22 
20 

18 
18 
15 
6 

- 
... 

ao 
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5 

’ .E 
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j $  
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31 
31 
31 
31 
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31 
31 
31 
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2R 
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28 
27 
27 
27 
27 
27 
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22 
19 
13 

5 

- 

- - 

- 
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j ,E 
it 

30: 

$2 
3 =  

- 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
30 
30 
30 

26 
24 
20 
15 

_ _  
- - 

- 

E 
B 
E 
.- 
ge9 
958 
904 
852 
803 
756 
711 
629 
555 
488 
428 
373 
324 
281 
242 
208 
177 
151 
128 
110 
93 
80 _-- -  _ _ _ _  _ _ _ _  
- - 

- 

0 2 
b 
R 

015 
960 
907 
856 
w 
761 
716 
634 
561 
494 
434 
380 
331 
?8R 
249 
214 
183 
156 
133 
112 
95 
80 
68 

- 

._-- 

.___ 

- - 

Y 5 
c 
2 
r” 

19.7 

23.3 
20.4 
16.9 
13.4 
10.2 

-2.7 
-9.5 
-16.6 
-24.0 
-31.6 
-39.2 
-46.6 
-52.4 
-55.3 
-57.4 
-58.3 
-58.0 
-57.6 
-56.7 
-55.6 
-54.6 

..... 

3. 8 

915 I 21.5 I49  24.4 
23.9 
21.2 
18. 3 
15. 1 
12. 1 
9.2 
3.8 

-1.9 
-7.4 

-13.4 
-20.4 
-27. fi 
-35.1 
-43.0 
-50.8 
-53.5 
-64.3 
-67.4 
-69.5 
-86.6 
-63.6 
-61.2 .-_-_. 
._-._- 
- - I I 

Stntlons with elevations in meters above sea level 

El Paso. Tex. 
(1193 m.) 

I Denver, Col. , (1616m.j 
Medford. Ore. 

(401 m.) __ - 
e 
B 
E * 

5 
F 

Y 6 
E 
d 
El 
E” __  --__ 

55 
31 1 812 

............. 
18. n 
_._._ 
...... 
19.7 
16.9 
13.3 
5.2 

-2.6 
-9.5 
-16.2 
-23.4 
-30.9 
-38. 
- 4 6 ,  
-53.7 
-57.9 
-61.0 
-6d.U 
-63. 
-62.1 
-60.3 
..... 
..... 

15.1 

...... 

...... 
18.0 
17.4 
13.8 
5.2 

-3.0 

-17.5 
-24.6 
-32.3 
-40.2 
-47.7 
-53.2 
-56.9 
-59.5 
-62.0 
-63.4 
-62.5 
-til. 3 
-59.9 

-io. 8 

..... 
I I  -. I I  1 I I I I  I 1  

See footnotes at end of table. 
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Altitude 
(meters) 
m. s. 1. 

--- 
Surface ........ 
500 ............ 
1,000 ........... 
1,WO ........... 
2.000 ........... 
2,500 ........... 
3.000 ........... 
4,000 ........... 
5,000 ........... 
6.000 ........... 
7.000 ........... 
8,000 ........... 
9,000 ........... 
10.000 --------- - 
11,000 _________. 
12,000 _ _ _ _ _ _ _ _ _ _  
13,000 _________. 
14,000 _______- - -  
15,000 _ _ _ _ _ _ _ _ _ _  
16,000 .......... 
17.000 _ _ _ _ _ _ _ _ _ _  
18,000 ......_... 
19,000 .......... 
20,000 .......... 
21,000..--- ~ - -  - -  

TABLE 1.-Mean free-air barometric pressure i n  millibars, temperature in  degrees Centigrade, and relntioe humidities in  percent, obtained b y  
airplanes and radiosondes during Jtrly 19.$1--Continued 

$ ; 
s$  
2 s  
z 
31 
31 
31 
31 
31 
31 
31 
31 
31 
30 
30 
30 
30 
30 
30 
30 
30 
30 
28 
28 
26 
23 
18 
11 
5 

Miami, Fla. (4 m.) 

d 
0 2  
5.9 

$ 2  

31 
31 
31 
31 
31 

31 
31 
31 
31 
31 

27 
27 
2i 
26 
26 
25 
24 
22 
21 
16 
13 
6 

31 

29 

. - - - 

Norfolk. Va.l* (10 m.) 

e 
g 

< P I  
-L_ 

970 
988 
905 
855 
807 

717 
ti33 
561 
494 
434 

331 
288 
249 
?I# 
183 
156 
133 
113 
95 
80 
69 
58 

:tin 

380 

- - - - -. 

Oakland, Calif. (2mJ 

c. c g  
z .c 
E 2  
E: 

c- 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

30 
30 
30 
30 
30 
30 
30 
28 

26 
33 
20 
9 

30 

26 

.___ 

Nashville, Tenn. 
(180 m.) 

$ 
y1 

z P 4  -- 
1,014 

957 
903 
652 
804 
757 
713 
632 
55R 
491 

376 
326 
283 
243 
20Y 
lis 
152 
130 

94 
79 
68 
58 

4.71 

i in  

..___ 

Oklahoma (391 Cit,y. m.) Okla 

A 
0 %  
0 .o - -  
*a 

g z  g %  

31 
31 
31 
31 
31 
31 
31 
31 
31 
30 
29 
29 
29 
29 
29 
29 
29 
26 
28 
25 
24 
21 
15 
13 
6 

Pensamla, Fla.1 (24 
m.) 

g 
E 

Z E  
-__ 

995 
959 
905 
854 
805 
759 
715 
633 
559 
492 
432 
378 
329 
286 
247 
212 
182 
I55 
132 
112 
95 
81 
69 
58 
50 

Omaha. Nehr. (301 m. 

-c 

15.2 
1R.2 
17.0 
14.1 
11.0 
8.1 
5.2 
0 

-6.0 
.12.4 

-33.7 
.40.8 
.46.9 
.51.3 
64.1 
.56.8 
47.9 
57.5 
.56.2 
,545  
.52.9 

.19.1 .20.2 

. - -. -. 

. - - - -. 

_- 
e 
E 
e 

b 2  

!? 
E 

?3. 8 
23.7 
21.3 
16.5 
15. 8 
13. 1 
10.2 
3.7 

-2-7 

_. 

.___-. 

...... 

____. 
.-.--. 
.____. 
...... 

...... 

- - 

89 
74 
66 
63 
61 
58 
57 
55 
51 
47 

40 _ _ _ _  _ _ _ _  _ _ _ _  

43 42 

..-- 

.-.- 

..-- 

.... _ _ _ _  _ _ _ _  _ _ _ _  
- - - - 
- - - . 

Surface ........ 
500 ............ 
1,ooO. .......... 
1,500 ........... 
2,ooO _..__ _.___ 
2.500 ........... 
3,000 ........... 
4,000 ........... 
5.000 ........... 
6,000 ........... 
7,000 ........... 
8,000 ........... 
9,ooo ........... 
10,000 .......... 
11,000 .......... 
13,000 .......... 
14,000 .......... 
15,000 .......... 
16.000 .......... 
17,000 .......... 
18.000 .......... 
19,000 .......... 
20.000 .......... 
21, 000... 

12.000 .......... 

31 970 
31 953 
31 YO2 
31 852 
31 805 
31 760 
31 717 
31 637 
31 563 
31 497 
31 43i 
30 W2 
29 333 
29 290 
28 251 

28 185 
26 158 
26 134 
26 114 
25 86 
22 81 
17 69 
6 56 

m 216 

................. 

- 
9 

R 
’2 
:3 

i 

86 
83 
78 
75 
73 
71 
68 
63 
60 
58 
55 
55 
54 

l a  
.- 

... 
_.- 
.-- 
..- 
.-- 
... 
... 
.-. 
..- 
.-- 
.-- 
..- 
- - 

I- - 

8 
E 
d 

I 

,017 
QG2 
908 
857 
808 
762 
717 
636 
5F2 
495 
434 
360 
331 

248 
214 
183 
155 
132 
112 
Y4 
79 
67 
57 
48 

287 

- - 

- 
5 
501 

5 .E 
z :  gj 
4 

31 
31 
31 
31 
31 
31 
31 
31 
29 
2; 
27 
26 
26 
2s 
24 
24 
24 
24 
24 
22 
19 
15 
7 

- 

.. 

.. 

- - 

- 

e 
l. 

n“ - 
994 
959 
905 
855 
806 
760 
715 
634 

493 
433 
379 
330 
267 
248 
913 
183 
155 
132 
112 
95 
80 
68 

s o  

___-. 
____. 
- - 

5 

i: 

+ 
2 5 
- 
1s. 7 
IS. 4 
22.3 
20.5 
17.3 
14. 1 

4.2 
-2.7 
-10.4 
-18.2 
-26.0 
-33.6 
-41.0 
- 4 i .  6 
-59. 8 
-56. ? 
-59.2 
-61.4 
-62.5 
-61. 9 
-GO. 5 
-58.8 
-57. 2 

in. s 

- - 

i ‘I_ 

0 .E 

-- 
20 1,015 
20 962 
20 Poi 
20 856 
?O 807 
20 761 
20 716 
20 635 
20 560 
19 493 
19 438 
15 379 
15 329 
14 286 
13 247 
I1 212 
6 182 
-. . - - - -. 

.......... 

. . - - . - - -. . 

. . -. . -. -. . 

. . . . - . -. 

. -. . - -. -. 

. . . -. -. 

. . - . - -. . - . 

m 
8 
2 
Y 

3 
-- I - -- 

31 YE0 
31 955 
31 904 
31 s54 

31 i59 
31 71.5 
31 633 
31 560 
31 493 
30 433 
30 378 
29 329 
?9 286 
28 247 
2.9 212 
2s lF? 
‘2.9 155 
28 26 132 112 

25 9G 
18 81 
11 69 
5 5 8  

31 605 

24.6 
23.4 
20.4 
17.6 
14.8 
12. 2 
9. 8 
4.4 

-1.5 
-7.5 
-14.0 
-21.0 
-28.2 
-36 9 

23.8 
24.6 
21.8 
18.3 
15.2 
12.0 
9. 3 
3. D 

-1.0 
-7.5 
-13.9 
-20.9 
-?8. 2 
-35.7 
-43.5 
-51.2 
-5s. 1 
-64.0 
-66.2 
-66. i 
-65.0 
-62.3 
-60.1 
.-_._. 
-.__. 
- - 

24.2 
25.4 
24.5 
X.?  
li. 9 
14.2 
IIJ. 7 
4.3 

-1. 5 
-7. 1 
-13.4 
-20.2 
- 5 . 4  
-34.8 

-49 . ,  
-50.2 
-01.8 
-65.7 
-67.0 
-65. b 
-62.8 
-59.9 
-55.2 

-42.2 

- - 

22.4 
23.6 
22. 5 
19.6 
16.4 
13.4 

3.5 
-2.3 
-8.5 
-15.3 

-29.2 
-36.7 
-44.3 
-51.5 
-513.9 
-59. Y 
-62.0 
-62.3 
-60.9 
-59.3 
-57.7 
-55.4 

in. o 

-22. n 

- - 

26.6 
23.7 
20.9 
18. 0 
14.8 
11.9 
9.2 
3.5 

-2.4 
-8.5 
-1.4. 7 
-21.7 
-29.3 
-37.1 
-45.8 
-54.5 
-61.6 
...... 
..____ 

. - - - - -. 

___--. 
____.. 

- - 

22 1,016 
22 960 
32 907 
22 856 
22 807 
22 700 
22 716 
21 634 
20 560 

-69.1 -a. 3 
-66.3 
-63.6 
-61.5 
-5s. 9 

Phoenix, Ariz. I -  (339 m.) 

Stations with elevations in meters above sea level 

Portland, Maine 
(19 m.) 

St. Louis Mo. 
(171 4.) 8t. Paul Minn. 

(?25 h.) Sen Diego, Calif.1 83n Antonio Ter. 
(19 m.) I (l i4 m.; 

8. 6. Marie Mi&. 
(221 d,) 

- 

E 
2 
n” 
u 

- 
011 
957 

851 
802 
755 
710 
628 
554 
487 
427 
373 
324 
%l 
242 
208 
178 
152 
129 
110 
94 
80 
69 

9n2 

-.- 
.... 
- 

_- 
e 

u B 
E 
h 
6, 
E 

24.0 
24.3 
21.7 
16.3 
15.2 
11.9 
9.1 
3.3 

-2.4 
-8.7 

-15.0 
-22.1 
-29.1 
-36.4 
-43. 8 
-50.7 
-57.0 
-62.0 
-64.4 
-65.0 
-64.2 
-62.4 
-59.9 
-57.5 
-55.8 

- 

- 
a 
a 
-?  
s i  

c .- 
I .- “‘c 

2 - 
i o  
66 
68 
73 
74 
71 
6.4 
5; 
53 
49 
45 
43 
44 
44 
.. 
._ 
.. 
.. 
.. 
.- 
.. 
.. 
.. 
.. _ _  
- 

- 
; 
L 1  

-x c .- 
:E 
i 
- 
R3 
60 
73 
71 
66 
59 
52 
51 
53 
50 
46 
14 
43 
43 
_. 
._ 
.. 
.. 
.. 
.. 

_ _  
.. 
.. 

- 

_- 

al 
k z 
E 
- 
989 
956 
902 
8.50 
801 
754 
710 
6% 
553 
486 
426 
371 
322 
279 
241 
20i 
177 
151 
129 
109 
93 
59 
67 

..... 
__._. 
- 

- 
; 
>! 

‘i 
2 
- 
44 
35 
33 
34 
37 
40 
45 
50 
52 
52 
46 
42 
40 
39 _ _  
.- 
..- 
._ 
.. 
._ 
.- 
.. 
.. 
.. 
.. 

- 

- 
d 
0 0  

r’; 
zs 
zg 
3 ;  
Z 

30 
30 
30 
30 

30 
30 
30 
30 
30 
30 
2G 
26 
26 
25 
?4 
21 
?I 
18 
17 
14 
11 
8 

- 

30 

.- 

.- 

- 

- 

g 
a. 
n” 
-- 
995 
960 
906 
856 
SO8 
761 
718 
636 
563 
496 
4% 
333 
333 
290 
251 
216 
185 
15s 
134 
114 
96 
81 
69 

..--. 

..__. 
- 

- 
b 
O D  

5;  
B e  
R i  
Z 

31 
31 
31 
31 
31 
31 
31 
31 
31 
30 
29 
29 
29 
29 
23 
29 
28 
27 
23 
19 
16 

- 

1; 
.. _ _  
- 

_ _  
> ) ”  

: E  

<; 
3: 

. .  .* 
: o  

- 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
30 
29 
B 
29 
29 
28 
zi 
23 
21 
19 
15 
8 
.- 
.- 

- 

- 
A 
0.5 
Co -: 

r* Y O  5; 
Z 

31 
31 
31 
31 
31 
31 
31 
31 
31 
30 
30 
30 
30 
30 

30 
30 
30 
28 
23 
21 
17 
10 
7 

- 

30 

... 
- 

-- 

E 
2 

2 
3, 

- 
RS7 
956 
903 
852 
804 
757 
713 
1331 
657 
490 
430 
3i6 
326 
383 
244 
210 
180 
153 
131 
112 
95 
81 
69 
59 

.... 
- 

ti 

i: 

u 
2 

i3 
- 
29.1 
33.6 
31.9 
38.4 
24.3 
20.0 
15.6 
7.6 
. 5  

-6.5 
-12.8 
-19.6 
-26.8 
-34.1 
-41.2 
-48. 1 
-54.9 
-61.1 
-68.5 
-70.0 
-68.7 

-62. I 

-59.7 

-a. s 
..... 
- 

E 
E 
8 
u 

8, 
E 

15.9 
18.8 
lfi. 4 
13.4 
10.5 
7.7 
5.1 
0 

-5. 2 
-11.3 
-17.7 
-24.6 
-31.9 
-39.1 
-46.2 
42 .5  
-56.4 
-58.1 
-59.2 
-56.2 
-57.5 
-56.1 
-54.9 

Y 1  

:E 
2 

2- .: 

- 
79 
i o  
61 
63 
63 
62 
60 
55 
51 
47 
42 
PO 
39 
38 
.- 
._ 
.. 
.. 
.. 
._ 
.- 
.. 
_ -  
_. 
._ 
- 

E 2 
2 
a 

- 
,010 
956 
902 
851 
803 
757 
714 
633 
560 
493 
431 
3i9 
330 
287 
248 
213 
183 
157 
134 
114 
97 
82 
69 

.... 
_.._. 

- 

- 
21.2 
22. 
m. 4 

17. b 
14.6 
11.5 
8.3 
2.5 

-2.9 
-9.2 
-16.0 
-23.1 
-30. fi 
-38.0 
-45. 2 
-51.2 
-54.7 
-56. 8 
-58.5 
-58.8 
-58.0 
.56.7 
-55.3 
-54.0 

__ 1-4- _- 
25.4 
25.5 
24.1 
21.4 

15.5 
12.8 
6.3 

. 1  
-6.1 
-12.2 
-18.6 
-25.4 
-32.7 
4 0 . 2  
4:. 6 
-55.0 
-82.1 
-6s. 1 
.TO. 4 
4 x 4  
65.9 
-62.6 

18. 4 

19. 1 
20.0 
23.0 
22.5 
m. 5 
17. 2 
13.8 
6.3 -. 2 

-6.6 
-13.0 
-20.6 
.28. 2 

41 . ,  
-48.3 
-54.3 
-GO. 1 
-M. 5 
G . 6  
-67.6 
-65.9 
.63.8 

-35.2 

86 
71 
41 
35 
33 
34 
35 
32 
32 
26 
23 

31 
31 
31 
31 
31 
31 
31 
31 

............. 

...... 1 _...I.__ ...... ...... 
__ 

See footnotea at  end of table. 
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- 
i? 
2 E 
C .s 
I-* * ?  

1 u  z 
25 

JULY 1941 

Surface-. ___._. 
600 ............ 
1,ooo ........... 
1.500 ........... 
2,Ooo ........... 
2,500 ........... 
3,000 ........... 
4,ooo ........... 
5,000 ........... 
6,000 ........... 
7,000 ........... 
8,000 ........... 
9,O(H) ........... 
1O.O(JO .......... 
11,0(10 .......... 
12.OUo .......... 
13,M H3 .......... 
14,OlKI .......... 
15,000 .......... 
16.000 .......... 
l 7 , r n I ~  ......... 
1R,W .......... 
i9,ooo .......... 
20,oOo .......... 
21.000 .......... 
22,W .......... 

TABLE 1 .-Mean jree-air barometric p r e s s w e  in millibars, tamperatiire in degrees Centigrade, and relative humidities in percent, obfained b y  
airplanes and radiosondes during July  i941-Continued 

31 
31 
31 
3) 
39 
28 
26 
"G 
26 
26 
26 
27 
28 
26 w 
28 
25 
27 
27 
27 
37 
26 
23 
23 
15 
8 

Stations with elevations In meters above sea level 

Seattle WRsh., 1 Spokane Wash. Washington, D. C. ( z i  m.) (598 in.) (5 m.) 
I- I Seattle, Wash., 1 Spokane, Wash. Washington, D. C.  

(27 m.) ( 5 ~ 8  m.) (5 m.) 

---I- 30 322 -35.2 

25 E 9  -42.3 
2u 240 -49.3 
26 206 -54.4 
27 176 -55.2 
26 151 -55.8 
26 130 --58.0 
25 113 -56.1 
23 96 4 6 . ;  
19 61 -55.8 
14 fi9 -S5.4 
6 58 -55.6 

-_____-_ 
52 27 324 -34.0 42 22 330 -28.7 49 
.... 27 280 -41.8 .... 22 286 -36.4 50 
.... 25 242 -49.4 .... 22 ?47 -44.7 .... 
.... 23 207 -55.i  .... 22 212 -51.5 .... 
.... 20 177 -56.7 .... 19 I 182 -57.0 
.... 18 151 -5S.2 .... 1 19 154 -60.1 .... 
.... 17 139 -55.2 .... 19 132 -62.0 ... 
.... li 111 -55.5 .... 18 112 -61.6 .... 

.... 15 95 -61.5 .... 

.... 10 SO -59.3 .... 
..... .... 6 68 -5i. 1 .... 

! .... 

.... .......... ................................ 

944 I 21.4 I 52 1 30 Srlrface .......... 30 
500 ............... 30 
i,oon ............. ao 
1,500. ............ 30 
2,000 ............. 30 
2,500 ............. 30 

4,000. ............ 311 
5,000 ............. 30 

7,000 ............. 30 

3,000 ............. 30 

6.000 ............. 30 

8,000 ............. 30 

............ 
............ 

ii,noo ............ 
12,000 ........... 
13,000.. ......... 

759 12.4 70 1 14,000 ........... 
715 9.7 67 15,000 ............ 
634 3.8 67 16,000 ............ 
560 -1,s 60 17.000 ............ 
493 -7.7 54 18,000 ............ 
433 -14.2 50 1'2,000 ............ 
379 -21.4 49 20,000 ............ 

... 
556 -5.9 50 ' 2ti 
46s -12.3 45 24 
425 -19.5 43 24 
373 i -%.6 l l  42 Xi 

I O  1 1  

I Stations with elevations in meters above sea level 
___--___ 
Atlantic Ststinn No. 2' Getchikan, .4laska 

(26 m.) 
Fairhanks. .4laska Juneail. Alaska 

(49 m.) 
.4tlnntic Station No. 1, 

(3 m.) 
Corn Solo. c. Z.' 2 

i 3  in.) (15 IU.1 (156 m.) 
- 
; 
>L 
:E 
> .- 
-.- -'c 

E - 
69 
69 
i s  
iR 
41 
85 
V? 
77 
71 
67 
F5 
61 
.. 
.. 
.- 
.. 
~. 

.- 

.. 

.. 

.. 

.. 

.. 

.. 

__ 

2 

5 
k - 
902 
962 
897 
&44 
7Y.I 
746 
701 
ti17 
641 
473 
412 
35s 
309 
266 
229 
196 
169 
14.5 
125 
108 
93 
60 
69 
59 
51 

..... 
- 

- 
b 
0 0  

E .! 
k: 

s ;  - -  
4 

31 
31 
31 
31 
31 
30 
30 
29 
28 
26 
26 
25 
2.1 
23 
23 
23 
22 
20 
15 
17 
14 
11 

- 

.. 
-. 
.. 
.. 

- 

- 
b 

8 .I 
C l l  

z 

3 1 
3 1 
30 
30 
2s 
26 
2l3 
20 
13 
17 
14 
14 
I? 
12 

10 

10 
10 
4 
6 
5 

_-  

i n  

i n  

._ 

.. 

.. 

.. 

- 
h 
0 ;  
8.5 
yz 
E :  

L- 

z 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
30 
30 
30 
30 
30 
29 
29 
29 
9 
28 
27 
26 
32 
16 
7 

- 

._. 

c 5 
e 
B a 
g 
I_ 

26.2 
24.5 
21.8 
18.8 
16.0 
14.0 
11.5 
4.0 

...... 

.._._ 

...... 

...... 

...... 

...... 

..... 

..... 

..... 

..... 

...... 

...... 

.._._ 

...... 

...... 

...... 

...... 
- 

2 
5 :  

E .f 
t ;  
3 1  

2: - 
_- 
27 
27 
2i 
27 
27 
27 
27 
25 
25 
25 
25 
25 
2s 
2s 
25 
15 
2R 
21 
"I 
21 
19 
16 
8 

... 

... 

... 

g 

2 

r c 

c & 

n 

+ - 
25. n 
21. 2 
IS. 5 
15.! 
13. 8 

11.0 
9.2  
2. i 

-2.7 
-8. 3 
-1.1.1 
-21.2 
-23.3 
-35.8 
-43. s 
-51.5 
-5%. 6 

-65. I 

-et;. s 
-65.3 
-B?. 3 
-59. ti 
-57.0 

-63.0 

..... 

...... 

L 
E 
- - 
4 2  

8 
_. 

23. Y 
20.5 
IS. 2 
16.0 
14.2 
11.7 

Y. 8 
3.0 

-2.9 
-s. 7 
-15.0 
-21.9 
.:94 
.37, 4 
-45. s 
-5% 4 -.w. 1) 
-61. ! I  
4 2 . 4  
-61.7 
-til.\> 
-59.9 
-57. !I 
...... 
..... 
.... 

i a 
c a, 

- 
,008 
554 
899 
846 
706 
747 
ill2 
617 
M 2  
474 
412 
358 
309 
266 
220 
197 
169 
146 
125 
1116 
93 
80 
ti9 
59 
51 
44 
- 

i;, 
2 
L 

,O?G 
96Y 
91.5 
Wi3 
813 
766 
721 
tiSY 
5li4 
496 
436 
361 
332 
2bV 
243 
213 
1 Y? 
15s 
1 3'' 
112 
(16 
81 
69 

. .  
. .  
... 

u 
i 

__ 
I, 012 

957 
91.1 
853 
so4 
758 
, I d  
633 
- r  

...... 

...... 

...... 

..... 

...... 

..... 

...... 

...... 

...... 

...... 

..... 

..... 

..... 

...... 

15.2 
11. I 

6.1 
4.4 

-1. 1 

-4.2 
-9.5 
-15.6 
-21.9 
-29.1 
-36.2 
-43.0 
-47. 7 
-48.0 
-4ti. 3 
-44.5 
-44.3 
-14.5 
-44.3 
-44.4 
-44.5 

-44 . ,  
-44.7 
-44.3 

1.; 

-.$.I.? 

1, OM 
9154 
U1f) 
S5X 
SOY 
762 
7Ib 
63; 

491 
434 
380 

2 s i  
248 
313 
1x2 
154 
131 
111 
CU 
79 
67 
57 

56; 

330 

17.0 
14.3 
IO. 3 
P. 6 
3. 1 -. 4 

-3 .6 
-Y. 6 
-15.7 
-22.7 
-29.7 
-36.7 
-43.5 
-48.5 
-49.0 
-45.9 
-44. fi 
-44.2 
-44.6 
-44.7 
-44.6 
-44.5 
-44.3 
-44.2 
-43.8 

,012 14.2 80 
958 1 l . S  62 
503 H.4 87 
Y50 5.1 83 

750 . 1 83 
705 -1.7 76 

545 -13.1 60 
477 -19.4 57 
416 -26.9 53 
3fil -34.8 52 
312 -41.1 ... 
270 -47.1 ... 
232 -50.9 .... 
199 -46.4 .... 
171 -46.1 ... 
147 -45.8 - ~ .  
126 -45.7 .... 
109 -45.1 
94 -45.1 ..- 
81 -45.1 .-. 

7YY 2.2 Y2 

621 -7.n IX 

............... 

............... 

................ 

.............. 

................ 

................ 

. -. . - -. -. - -. - 

................ l l  ..... 

See footnotes at end of table. 
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TABLE 1 .-Alean free-air barometric pressure in  millibars, temperature i n  degree8 Centigrade, and relative himidities i n  percent, obtained by 

airplanes and radiosondes during July  1941-Continued 

Nome, Alaska Pearl Harbor, T. H. S t .  Thomas, V. I. 
(14 m.) (7 m.11 (8 m.)' 2 

San Juan. P. R. 
(15 m.) 

Altitude (meters) m.  s. 1. 

27.5 
23.3 
20.1 
16.8 
14.8 
12. i 
9.8 
4.7 

.......... 

.......... 

.......... 

.._.__ 
_.____ 
......... 
.......... 
.......... 
._____ 

__._._ 
.-____ 

.......... 

.......... 

.......... 
--__.- 
___.__ _ _ _ _ _ _  _ _ _ _ _ _  

74 31 
91 31 
8! 31 
76 31 
68 31 
61 31 
57 31 
47 31 

31 
31 
31 

___. 30 _ _ _ _  30 
30 
30 
30 

__._ 30 
_ _ - _  40 
..__ 30 

30 
29 
27 

.--- 24 _ _ _ _  16 _ _ _ _  10 _ _ _ _  5 

Surface ............................................................................... 
500 .................................................................................. 
1 ooo .................................................................................. 
j :5on.. ................................................................................ 
2000 .................................................................................. 
2'500 .................................................................................. 
3'000 .................................................................................. 
4:ooo .................................................................................. 
5 000 .................................................................................. 
6:OOO .................................................................................. 
7000 .................................................................................. 
8'000 .................................................................................. 
9:OOO .................................................................................. 
10 000 ................................................................................. 
11'000 ................................................................................. 
12'000 ................................................................................. 
13'000 ................................................................................. 
14'000 ................................................................................. 
15'000 ................................................................................. 
16'000.---. ............................................................................ 
17'000 ................................................................................. 
18'000 ................................................................................. 
19:000 ................................................................................. 
20 000 ................................................................................. 
21:ooo ................................................................................. 
22.000 ._-- - - - - - -. -. - -- - -- - --- - - - - -  -- --- - - - --- -- - -- -- - - - - ----_ - ~ --- ----- ---- -- -- -- _-  -- -- 

30 
30 
30 
30 
30 
30 
30 
29 
29 
29 

28 
28 
25 
23 
22 
22 

?Y 

20 
Zn 
20 
18 
16 
13 
13 
7 

008 
951 
856 
542 
792 
744 
69s 
615 
540 
472 
411 
357 
308 
266 
228 
196 
169 
115 
125 
10s 
93 
80 
69 
59 
51 _ _ _ _ _  

10.8 82 31 
8.4 82 31 
6.5 79 31 
4.1 7fi 31 
1.6 76 31 

-.8 74 31 
-3.2 67 31 
-S.9 58 31 

-18.1 52 31 
-21.9 50 29 
-28.9 49 29 
-36.2 48 16 
-42.9 _ _ _ _  15 
- 4 i . 3  ___. 14 
-48.8 ___. 14 
-45.9 .... 13 
-44.2 .... 12 
-44.1 .___ 11 
-44.0 .___ 7 
-43.9 .___ 7 
-43.9 ..-- 5 
-43.8 .___ _ _ _  
-43 8 .___ -.. 
-43.7 ....... 
-43.4 _ _ _ _  __. 
_.--- _ _  _ _ _ _  _ - -  

-4ltitude (meters) 
m.  s. 1. 

- 
0- 

Ls 
~ W U !  ~ 

Z C  

5 

g 
g z  

v d 
I 

-%.4 
-36.2 
-44.4 
-52.5 
-fa3 
-67.7 

' 5  
a 

.-s g 2  
:a 

44 
43 

.._._ 

..... 

..... 

..-.. 

9,000 .............. 
10,000 ............. 
11,000. ............ 
12,000. ............ 
13,000 ............. 
14,000. ............ 

27 
26 
25 
23 
20 
ia 

15,000.-.. ......... 
16,000 ............. 
17,000 ............. 
18,000 ............. 
19,000.. .......... 

18 131 -73.6 .... 
18 110 -75.1 .... 
17 93 -74.5 .... 
13 78 -69.8 .... 
8 ti6 -64.7 .... 

Surfrree ............ .wo ................ 
1,000 .............. 
1, YJO... ........... 
2,000 .............. 
2,500 .............. 

29 1.016 
28 961 
28 908 
29 857 
29 808 
29 762 

_- 

a. 

2 

2 
Ir 

-_ 
016 
9GO 
906 
854 

758 
714 
632 
553 
482 
432 
3% 
329 
?86 
247 
213 
182 
155 
132 
112 
94 

805 

..__ 

.-.. 

.__. 
___. _ _ _ _  
- 

- 

5 w 
k - 
LO16 
962 
908 
858 
808 
761 
718 
636 
562 
435 
135 
381 
331 
389 
249 
214 
182 
155 
131 
111 
94 
7Q 
67 
57 
48 
41 
- 

a 
2 
E c 

3 
E" 
25.4 
23.7 
20.6 
17.6 
14.9 
12.4 
9.5 
4.4 
-. 9 

-6.8 
-13. i 
-M. 0 
-z. 5 
-35.4 
-43.7 
-51.7 
-59.4 
-65.6 
-69.2 
-71.7 
-72.3 
-69.6 
-66. 2 
-63.0 
-60. 8 
-58.8 

-I-I-l-- 

LATE REPORT FOR JUNE 1941 

I- - 

2 p 
c W 

__ 
331 
2811 
248 
213 
182 
155 

I-- -- 
2 
B 
!i 
s, 
B 

25.5 
23.6 
24l. 8 
17.9 
15. 3 
13. 1 

- 

- m  E 
d Altitude (meters) ' a 

R 
.- .- ,*e 
2 

53 
50 
50 
49 
47 
46 

-1-1- 
3,000 .............. 717 10.3 
4,000  el .............. 63X31 4.2 5.000 2.5 -1.8 
6;OOO.. ............ 1 28 I 495 I -7.8 
i ,OOO .............. !2J3 434 -14.2 
8,000 .............. 27 380 -21.3 

1 U. 6 .  Navy. 

I Observntions made on Coast Guard vessrls in or near the 5O sqnsre: Lat. 35"UO'N. to 

4 Observations made on Coast Guard vessels in or near the 5O squarr: Lat. 35'00'N. to 

NoTB.'-AII observations tsken a t  1230 a. m. 75th meridian time, except at  Lakehurst., 

PI'. J.. where they are tsken near 5 a.m.; E. S. T.; a t  Norfolk, Va., where they are taken at  
about 6 a. m.; and at  Pearl HaThor. T. H., nt i a. m. 

None 01 the means included in this table are based on less than 15 surface or 5 standard 
lcvel observations. 

Number of observations refers to pressure only as temperatureand humidity dat.aaft. 
missing for some observations a t  certain levels; also, the humldity data are not used in 
daily observations whrn the temperature is below -40.0' C. 

Directions 

Airplane observations. 

40°00' N.; long. 55OOO' W. to 60O"OO' W. 

40°00' N ' long. 45-00' W. to 50"OO' W. 

TABLE 2.-Free-air resultant winds  based on pilot balloon observations made near 6 p .  m. (75th meridian time) during July  1941. 
given in  degrees from North (N=66O0, E=90°, S= 180°, W=d7O0)-velocities in  meters per second 

Bbilene, Alhuquer- Atlanta, Billings, Bismarck, Browns- Buffalo, Burlington, Charlmton, Chicago m. Cincinnati, I Tex. [que,N.Mer./ Ga. 1 Mont. 1 N. Dak. 
(637 m.) (1,630 m.) (289 m.) ( 1 , 0 9 5 ~ ~ )  (512m.) rillpzy. 1 (23 N. Y. m.) 1 (132 Vt. m.) 1 (18 6. m.) c. 1 (lgz& / (:iM& 

Denver, 
Colo. 

(1,627 m.) 
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Section 

_______- 
Northeast 1 _.______ 
East-Central z-. .__ 
Southeast a . - -  _ _ _ _ _  
North-Central '---- 
Central 6 ........... 
South-Central a---- 
Northwest 7 _ _ _ _ _ _ _ _  
West-Central as.--- 
Southwest 9 _.______ 

TABLE 2.-Free-air resultant winds based on pilot balloon observations made near 6 p .  w. (74th meridian time) during J d y  1942. Directions 
given i n  degrees from North (N=S60°, F=90°,S=1800, W=2YOo) -velocities in meters per second-Continued 

- 
0 
> 

15 
B A  

B:! 

E 
e- 
W 

30.2 
27.9 
21.2 
2i. 5 
29.3 
28.5 
26.6 
43.0 
31.4 

I- -~ 

_-___-_______________-_--_--  -------- 
Surface _ _ _ _ _  31 111 2.3 31 195 2.5 31 325 1.9 31 205 1.5 31 255 1.9 30 159 2.8 31 149 1.9 30 185 0.7 31 296 1.5 30 136 3.0 31 209 0.6 31 201 2. 
500 31 209 2.6 30 189 3.7 30 239 .7 31 306 2.1 30 149 4.7 31 205 1.1 31 218 4. 

2:OOO ....... 31 152 1.3 31 186 2.8 31 319 260 4 2 31 277 2.3 27 229 4.5 30 186 3.7 27 275 2.5 30 236 1.8 28 139 1.5 25 264 3.2 23 310 1. 
2 500 ....... 31 105 24 2 i l  5:O 28 270 3.7 25 228 4.8 30 2M 4.2 26 265 2.4 30 213 3.4 27 178 1.0 19 2% 4.7 23 324 2. 
3:OOO ___.___ 30 70 1.2 31 211 3.5 31 266 2.7 21 2 i l  4.8 25 272 j .0  23 234 4.9 30 212 4.6 25 305 3.1 30 213 4.4 27 170 1.n 17 297 5.6 19 311 3. 
4 000 ....... 31 9 1.6 31 217 4.3 30 257 3.1 19 233 5.6 19 272 5.8 17 213 4.0 29 223 5.4 25 321 4.0 30 223 4.8 23 180 1.7 11 300 4.6 18 282 3. 
5:OOO ....... 21 345 3.5 29 236 8.5 30 252 3.4 16 280 4.5 16 2i6 7.6 15 221 2.4 27 224 4.8 21 306 4.1 3 236 6.1 18 163 1.6 14 274 3. 
6,000 ....... 14 290 2.0 24 236 7.6 24 252 2.9 14 2'55 6.4 17 164 1.4 
8,000 .................. 18 241 9.2 15 244 4.2 22 25fi 6.6 12 250 4.9 24 23s 10.0 11 110 2.9 
10,000 ................. 13 240 12.4 22 251 11.: 21 244 12.3 12 81 5.5 
12,000 ................. 13 238 16.4 20 3 2  16.- 17 245 12.0 10 72 10.6 
14,000 ................. 10 237 18.6 18 250 17.8 
16,000 15 249 4.4 
18,000 ____,_._. 10 173 1.9 

1 N. Y. 1 Calif. 1 City. Ok1a.l Nebr. I Ariz. ICi;W43$k.i 

.......................................... ........... ........... 
1,000 ........................................ 31 219 3.5 31 271 2.4 30 209 4.7 31 163 2.7 26 261 1.6 31 311 1.8 30 158 3.8 31 234 1.5 29 248 3. 
1500 ....... 31 124 2.2 ........... 31 325 2.6 29 245 3.2 31 265 2.0 25 216 4.9 31 187 2.7 28 275 2.2 31 290 1.3 29 154 1.8 28 244 2.6 27 269 1. 

2.: 25 .5  31 201 3.1 31 297 2. I 

........... 

..................... ........... 13 221 2.1 26 233 5.4 19 292 3.6 27 241 7.5 
................................. ..................... 

............................................ ........... ..................... 

............................................ ........... ..................... 

............................................ ........... ................................ 
........................................................................ ...................................................... 
..................................................... ........... ...................................................... 

13 259 12.9 

New York, Oakland, Oklahnma Omaha, Phoeiih. Rapid St. I,ouis, San An- San Diego, Ste' Seattle Ewkane, 1 to$U&:.e;. 1 $l:) 1 :E$.' I :?;:) (;pi:, (15m.) (8m.) (402m.) 1 (306m.) (338m.) (230 In.) 

-- 

Station 

-- Altitude ~- 
(meters) 3 
m. s. I. .El 

- - - __ - - - - - - - - - __ - __ - - - - - - - - -- - - _- - - - - - - - 
Surfam ..-- 30 177 3.0 31 283 4.9 31 174 2.2 31 143 1.5 31 269 1.4 30 16 2 0  31 351 0.7 31 122 3.1 30 293 4.6 28 285 3.1 31 298 2.2 31 217 1. 
500 ......... 30 229 3.7 31 260 3 5  31 1 i O  2.6 31 138 2.0 31 270 1.5 
1,000 ....... 29 261 4.8 30 220 S:O 31 173 2.7 31 167 1.2 31 273 2.1 30 21 2.0 30 303 115 31 144 3:6 28 271 1.3 28 292 4.7 30 295 1.4 31 222 1. 
1,500 .______ 27 277 5.0 29 196 2.9 31 190 2.5 31 229 . 8  31 244 2.2 30 32 1.0 30 292 2.0 31 138 3.3 28 259 1.6 28 294 4.5 30 236 1.6 31 227 1. 

. 6  28 290 3.5 30 145 2.4 27 250 1.7 28 294 4.9 28 24i 1.4 31 227 2. 
2'500 ....... 224 3. 
3:OW ....... 12 294 5.0 29 177 3.2 28 310 1.7 29 297 6.8 30 246 2.2 27 279 5.2 24 294 6.fi 20 179 1.5 27 219 3.7 21 314 7.4 27 223 2.8 31 230 4. 
4oM) ....... 15 B 8  1.3 '25 203 4.5 18 317 8.4 26 227 4.5 28 348 7. 

13 250 7 22 2M 5.4 16 319 10.6 24 234 5.5 26 252 9. 
6oM) .................. XI 217 3.6 22 297 3.5 21 305 9.3 27 251 2:s 20 292 R:O 16 293 9.1 10 274 1:s 14 204 2.7 11 31910.9 22 239 0.9 24 25310. .................. ................................. 8'000 29 224 6.3 16 239 2.9 19 298 8.7 23 265 4.3 15 %4 8.6 12 292 10.4 14 ?60 6.9 21 241 12. 

17 243 14. 

........... .......... 31 340 1 3  31 127 4 0  30 302 2.6 28 2Ql 4.7 31 309 1.4 

.______ 21 281 5.8 29 192 3.2 30 214 1.4 31 297 2.5 30 W8 2.5 30 302 
14 292 5.6 29 184 3.4 30 263 1.2 29 291 5.6 30 238 2.2 30 274 2.7 28 287 4.9 26 172 2.0 27 218 3.2 2.5 304 5.3 27 225 2.2 31 

12 307 6.t 29 192 3.5 25 315 2.9 2% 301 8.6 30 239 2.7 27 279 7.0 22 296 7.1 
5:000 .................. 28 2(N 3.5 23 303 2.9 23 SO5 8.2 27 240 1 6 24 285 i 9 19 297 7.1 

lb,000 ................. 
12000 ................. 27 235 12.4 21 261 13.3 13 233 11. 
14:oM). ................ ...................... ............................................................................ 
16,000. ................ 15 233 8.0 ..................... 10 24210.6 ............................................................................ 

....................................................... 29 228 10.1 10 269 3.4 13 269 10.0 22 275 9.6 11 278 8.5 
...................... .................................................................. 

?o 255 12.0 I5 2M 15.1 

0 > 
Ei >. 
;$ .- - 
H 

E 

Nashville, 
Tenn. 

(16-4 m.) 

Philadelphia. Pa-.-- 
Cincinnati, Ohio.--- 
Spartanburg, 6 .  C-.- 
Huron, S. Dslr .__.__ 
North Platte. Nebr. 
Big Spring, Tex ..___ 
Ellensburg, Wash--. 
Cheyenne, Wyo _ _ _ _ _  
A 1 b u q u  e r  q u e  , 
N. Mes. 

Washing. 
ton. D. C. 

(24 m.) 

38.1 
29.8 
18.0 
35.? 
69.0 
18.4 
35.9 
28.4 
25.5 

, I  I 1  I , I  I I I  I I 1  I , , I , , ,  I I ,  I 

TABLE 3 . - M a x i m ~ m  free-air wind velocities (m. p .  s.), for digerent section8 of the United States based on pilo&-balloon observations during 
J d y  1941 

I 

W N W C  ssw-.-. sw ..... 
s w 
Sk.:::: 
NE..-.. 
WRW.-. 
S ........ 
ESE--.- 

Surface to 2,500 meters (m. s. 1.) ( 1  Between 2,500 and 5,000 meters (m. s. 1.) 1 1  

5,000 
2,810 
2,500 
4,3Po 
4.170 
4,110 
3,3943 
4.700 
3,030 

-4bove 5,000 meters (m. s. 1.) 

Direc- 
tion 

2, xo 
950 

1.960 
1. ooo 
1,650 
1,770 
1.100 
2,280 
1,850 

- 

- 

m e 
6 
- 

28 
30 
4 

20 

27 
21 
11 
13 

m 

- 

I- 

I 

- 

s 
9, 

3 
9 
4 

26 
2 

11 
22 
6 

15 

- 

- 

al .. 
f iR a .s 

Stotion ti:: .- - 
X 5 

E 

Caribou, hlaine .____ 56.0 
Chattanooga Tenn. 40.8 
Ypartanburg,'S. C--- 30.1 
Bismarck N. D a k .  54.4 

Big Spring, Tear ..___ 28.4 
Great Falls, Mont. - 49.6 
Ely Nev ............ 48.6 
Tu&on. driz .._..... 44.4 

EvansriUk. Ind .... 43.6 

9,460 
12, fflo 
13,670 
9,290 

12.360 
12, 870 
11,450 
12. ooo 
15,430 

I Station 

-I 
21 Boston, Mass. 
15 Louisville, h y .  
17 Atlanta, Ga. 
17 Farao. N. D&. 
14 Chisfko. Ill 
18 Waco,Tex. 
31 S Winnemum,  Portland, Ore.6. Nev. 

4 Las Vegas, Nev. 

I Malne Vermont, New Hampshire Massachusetts, Rhode Island, Connecticut, New 
York Ne& Jersev Pennsylvania. and northern Ohio. * Dhaware, M'siyland, Virginia, West Virginia, southern Ohio, Kentucky, eastern 
Tennessee, and Nor th  Carolina. 

8 South Carohna, Ocorg.la.,Florida, and Alahsma. 
4 Michigan W@onsm, Minnesota, North Dakota, "d South Dakota. 
1 Indiana, hlinois, Iowa, Nebraska, Kansas, and Missouri. 

8 Mississippi. Arkansas, Louisiana, Oklahoma. Texss (ercept extreme west Texas), 
8r.d western Tennessee. 

hlontana Idaho Washington and Oregon. 
Wyomini Coloiado Utah. Nbrthern Nevada, and northern California. 
Southern 'California: southern Nevada, -4rizona. New Mexico, and extreme west 

Texas. 


